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Abstr act

Policies to counter the grow ng di screpancy between economc
opportunities in rural and urban areas have focused predoni nantly on expandi ng
manufacturing in rural areas. Fundanental to the design of these strategies
are the relative costs of production and productivity of nmanufacturing in
rural and urban areas. This study ains to develop information that can be
used to assess the productivity of manufacturing in rural and urban areas.
Production functions are estimated in the neat products and househol d
furniture industries to investigate selected aspects of the effect of rural
smal | urban, and netropolitan |ocation on productivity. The results show that
the effect of location on productivity varies with industry, size, and the
timng of the entry of the establishment into the industry. While the
analysis is specific to two industries, it suggests that devel opment policies
targeting manufacturing can be made nore effective by focusing on industries
and plants with characteristics that predi spose themto the |ocations being
support ed.
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The I nfluence of Location on Productivity:
Manuf acturi ng Technology in Rural and Urban Areas
1. Introduction

The econonic base for rural conmunities in the United States has
continually declined as nodern agricultural technol ogi es have been adopted,
the structure of agribusiness has changed, and rural popul ati ons have gai ned
greater access to urban areas, all of which have strengthened the
aggl oneration econonmi es of netropolitan |ocations. Policies to counter the
growi ng di screpancy between economi ¢ opportunities in rural and urban areas
have focused predomi nantly on expandi ng manufacturing in rural areas, in order
to strengthen the rural export base (Otto, et al. 1989). Fundanental to the
design of these strategies are the relative costs of production and
productivity of manufacturing in rural and urban areas. Wth this
i nformation, particular manufacturing industries can be targeted nore
effectively, and nore accurate judgenents can be made regardi ng the magnitude
of subsidies and other incentives required for stimulating rura
manuf act uri ng.

The present study was undertaken in order to develop information usefu
for assessing the productivity of manufacturing in rural and urban areas. The
approach and anal ysis are made possi ble by a unique and newy avail able data
base derived fromthe Census of Manufactures and the Annual Survey of
Manuf actures. Two industries are anal yzed: neat products (SIC 201) and
househol d furniture (SIC 251). These industries have drawn heavily on raw
materials fromagriculture and forestry, and have been targets for "val ue
added" initiatives for devel opment of rural comunities. Results show
definite differences in productivity between rural and urban areas and point
to possible interventions that might persuade nanufacturers to favor rura
| ocati on.

In section 2, descriptive information on the two manufacturing

i ndustries is sumarized, providing a perspective for the analytical results.



The urban-rural split of establishnments in each industry is provided, and an
overview of the structure of each industry is given. Section 3 describes the
transl og nodel used to approxinmate the direct production function, along with
nmet hods of estimation. Findings and hypothesis tests for urban and rura
differences are provided in section 4. Qutput and price elasticities,
elasticities of substitution, and total factor productivity are cal cul ated
fromthe estimated structural paranmeters. Factors that may be responsible for
the observed differences in productivity (size, in particular) are explored in
section 5. Concl uding observations are provided in section 6, along with

implications for rural devel opnent policy.

2. Rural-Urban Variation in the Meat Products
and Househol d Furniture |ndustries

Oovi ous di fferences exi st between the neat products and househol d
furniture industries with respect to size, value added, and relative size of
capital stock. After a brief description of the data and an expl anati on of
the chosen distinction between rural and urban areas, possible inplications of
these differences for relative rural -urban productivity are expl ored.
Data

The data used in this study are extracted fromthe Longitudinal Research
Dat abase (LRD), which is maintained by the Center for Econonmic Studies at the
U. S. Bureau of the Census. The LRD is a panel data set constructed by I|inking
t oget her individual establishment records fromthe Census of Manufactures
(CM, which takes place every five years, and the Annual Survey of
Manuf act ures (ASM . The Census of Manufactures is a conplete enuneration of
all manufacturing plants that had one or nore persons enployed at any tine
during the census year. Because the plant is the basic unit of observation
any firmthat operates nore than one plant is required to file separate
reports for each plant. The plant-level data include |abor, materials, and

capital used in the production process; product and service output; location



of the plant; and the |l egal form of organization of the owning firm Each of
the censuses from 1963 to 1982 contai ns between 300,000 and 350, 000
manufacturing plants. A detailed explanation of the content and construction
of the LRD can be found in MGuckin and Pascoe (1988).

For this study, we pool cross sections of the CMdata for 1972, 1977,
and 1982. Analysis was limted to eight mdwestern states: Illinois, |owa,
Kansas, M nnesota, Nebraska, M ssouri, South Dakota, and Wsconsin. Each of
these states contains sizable rural areas, |large netropolitan areas, and
smal | er nonnetropolitan urbani zed areas. All have been significantly affected
by the popul ation shifts and decline generally experienced in rural areas over
the last two decades. The neat products and household furniture industries
were selected for their relatively even distribution of establishnments between
rural and urban areas.

Rural -Urban Distinction

Each establi shnment was assigned a Beal e code according to the county in
which it is located. Also known as rural-urban conti nuum codes, Beal e codes
were devel oped in 1975 and updated in 1983 and 1988. Beale codes forma
classification schenme that provides a finer county-level rural-urban
distinction than the traditional census nmetropolitan-nonmetropolitan breakdown
of counties (Butler 1990). Metropolitan counties are distinguished by the
popul ation size of the Metropolitan Statistical Area (MSA) of which they are a
part, with counties in MSA's with popul ations of one million or nore divided
based on whether they are central or fringe counties. Nonnetropolitan
counties are classified according to the aggregate size of the urban
popul ati on, and whether or not they are adjacent to an MSA. The list of Beale
codes and their exact definitions are found in Butler (1990).

Thr oughout this paper, statistics are aggregated for sel ected groups of
Beal e codes referred to as urban classes. These groupings provide a nore
general picture of conditions in rural and urban econom es. The Metropolitan

cl ass includes establishnments in counties with assigned Beal e codes of 0O



through 3; the Small Urban class includes establishnents in counties with
Beal e codes 4 and 5; the Rural class includes establishments in counties with
Beal e codes 6 through 9

I ndustry Characteristics: Size and Productivity

The neat products industry includes four four-digit industries, but is
donmi nated by the neat-packing industry, which represents about 57 percent of
the total nunber of establishnments and 82 percent of the nominal output in the
i ndustry. In the household furniture industry, both establishments and out put
are divided nore evenly anong the four largest of its four-digit industries.
Table 1 provides a statistical sunmmary of the size and productivity indicators
for each industry by urban class. Several inportant differences between the
i ndustries are worth noting. The npst obvious of the differences is size. In
terms of nom nal output, the average neat products establishment is ten tines
the size of the average household furniture establishment. The difference in
size is |l ess pronounced when size is defined in terns of total enploynent;
meat products establishnents enploy, on the average, 2.5 tinmes as nany workers
as househol d furniture establishments.

Anot her conspi cuous difference between the two industries is the input
m x used in the production process. Real output (nom nal output deflated as
descri bed bel ow) per production worker hour in neat products is alnost three
tinmes that in the household furniture industry. The significantly higher
| evel of capital per |abor hour nost |ikely accounts for some of this
difference. Furthernore, the | ower percentage of value added to meat products
suggests a high level of materials input when conpared to the househol d
furniture industry.

Table 1 also suggests differences within the industries across urban
classes. In both industries, the | argest establishnments are located in snmall
urban areas, and the smallest establishments are in rural areas. Metropolitan
nmeat products establishments have a higher capital |abor ratio than their

nonmet ropol i tan counterparts, but this ratio varies |ess across locations in



the furniture industry. CQutput per production worker hour is highest in
metropol i tan establishments in the neat products industry; in the household
furniture industry, it is highest in small urban establishnents. Although
this is a crude neasure of the relative productivity of plants in different
areas, simlar findings result when a nore sophisticated neasure, relative
mul tifactor productivity, is enployed.

The two industries for which production functions will be estinmated
exhibit inportant differences in technol ogy, as evidenced by differences in
the average size of the establishnents, capital and output per production
wor ker hour, and val ue added as a percentage of total output. These
differences are likely to contribute to results regarding the relative
productivity of establishments in rural, small urban, and netropolitan
| ocations. These factors will be explored further in interpretation of our

results and suggestions for further research

3. Production Function and Estimation Methods
The Longi tudi nal Research Dat abase details the outputs and inputs used
by each establishnment in the industry. This level of detail facilitates
direct estimation of the production function, given the assunption of
endogenous output quantities (Berndt, 1990). |In this section, a three-factor
transl og production function is specified, and the cost-share equations are
derived to complete the three-equation systemto be estimated. Notes on

variable definitions lead to an explanation of the estimation procedures.

Model Specification

Consi der a production process in which outputs and inputs are rel ated by

the function F

Q- RX2,

where X is a vector of inputs and Z is a vector of other variables that my



affect output. |If F is honbgeneous of degree 8 in the input vector, then
RXQr' - RrXd).

Assumi ng cost minimzation, the cost share equation of input i is derived by
di viding the | og margi nal product of the input by the returns-to-scale
par armeter, 8.

For estimation, a specific functional form nust be chosen for F. To
allow for the possibility of elasticities that vary across pairs of factors, a
flexible functional formwas desired. The transcendental |ogarithmc
(translog) form has received a great deal of attention and application in
empirical work. While it shares second-order approximation properties with
other flexible forns, the translog has the fewest free paranmeters, and
estimtes of the parameters tend to converge nore quickly than estimtes from
other forms (Nguyen & Reznek 1991). Furthernore, Guilkey, Lovell, and Sickles
(1983) have conpared the results of estimation of a known technol ogy for the
transl og, the generalized Leontief, and the generalized Cobb Dougl as and have
found the translog as reliable or nore reliable than the other two forns.
VWile the translog suffers fromsone limtations with respect to theoretica
consistency (i.e., it cannot represent globally convex isoquants), tests of
t heoretical consistency within the relevant donmain often produce satisfactory
results.

Initially, a three-factor translog production function was specified,

i ncluding capital, labor, and materials in the production of output Q In
addition, a qualitative variable representing the |ocation of the
establishment in a rural or urban |ocation was included:
URB = 1 if establishment is located in an urban county;
0 otherw se ;
RURAL = 1 if the establishment is located in a rural county;
0 otherw se.

A definition of urban establishnment was sel ected by testing the nodels



for their sensitivity to different definitions. 1In the first definition, only
establishnents in counties that are part of an MSA (Beal e codes 0, 1, 2, and
3) were classified as urban. |In the alternate definition, any establishnent
| ocated in a county with an urban popul ati on of 20,000 or nore (Beal e codes 0
through 5) was considered urban
Initial estimation showed that the results were sensitive to which
definition of urban was chosen. |In particular, the coefficients of the
paraneters of the first- and second-order |ocation terns changed slightly when
the definition of urban was changed for both industries; in the nmeat industry,
the coefficients of the first- order termand one second- order terns went
frombeing statistically insignificant to significant when the definition was
changed fromthe first to the alternate.
These results favored a decision to estimate a production function in
whi ch establishments were classified into one of three categories:
METRO =1 if the establishment is |located in a nmetropolitan county (Beal e
codes 0 to 3)
0 ot herwi se
SURB =1 if the establishnment is located in a nonmetropolitan county with
urban popul ati on of 20,000 or nore (Beale codes 4 or 5)

0 ot herw se

RURAL = 1 if the establishnent is located in a rural county
0 otherw se

In this case, the specification of the translog production function is
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Honpgeneity of degree 8 requires the followi ng restrictions on both

syst ens:

Ay + A + U= A,
(ka+(xk,+0,m-0,
oy + Oy + Ay = 0,

A + By + A = 0.

Rat her than estimating the production function al one, the production
function and share equations were estinated as a sinultaneous system in order
to increase the degrees of freedom wi thout adding to the nunber of free
paraneters (Berndt 1990). Because only two of the three equations in the cost
share systemare linearly independent (the sum of the cost shares al ways
equal s 1), one of the equations nust be dropped fromthe estimation nodel. In
general , maxi mum |i kel ihood estimates of the systemw |l be invariant to the

choi ce of which of the share equations are estimated directly. However, this



is not the case for the Zellner Efficient estinmator (ZEF) enployed here, in
which the first-round estimte of the disturbance covariance matrix is based
on a stacked equation systemw th synmetry restrictions inposed. |In this
case, ZEF paraneter estimtes nay vary on the basis of which share equations
are directly estimated (Berndt 1990). However, because the capital stock and
capital cost neasures are considered the |east reliable elenent of the Census
data (see below for a summary of problens of capital stock and capital cost
measurenent), it is common practice when using this data to drop the capita

cost-share equation (Nguyen and Reznek 1991).

Vari abl e Construction

The inputs and outputs are cal cul ated separately fromthe LRD for each
manuf acturing establishnent. The LRD data are suppl emented by deflators from
t he Bureau of Economic Analysis, as well as by capital cost nmeasures fromthe
Bur eau of Labor Statistics.

Qutput. CQutput is defined at the plant level as the total val ue of
shi pnents, adjusted for changes in inventories of finished goods and
wor k- i n- process.

Labor. The Census of Manufactures provides data on the nunber of
producti on and nonproduction enpl oyees, production and nonproduction sal aries
and wages, and, for production enployees, the nunber of total hours actually
wor ked. Total hours is a nore accurate neasure of actual |abor input than the
nunber of enpl oyees; however, because data on the nunber of hours for
nonproducti on workers is not available, sone estimte must be devel oped.

The first option is to assune a 2000 hour work-year for nonproduction
enpl oyees. The second is to cal cul ate producti on worker-equival ent hours by
assuming that relative wages are proportional to marginal productivity. The
average production worker wage rate is the ratio of total production worker
wages to total production worker hours. Total plant worker hours then can be

estimated as the ratio of total wages for all workers divided by the average



producti on worker wage rate.

Two factors notivated a decision to use the average producti on worker
wage rate. First, the nunber of nonproduction enployees is collected on the
March 12; fluctuations occurring throughout the year are not observed.

However, total wages are reported for the entire year, and will reflect these
fluctuations. Furthernore, nmany nonproducti on workers nmay work part-tine;
assum ng a 2000 hour work-year for every worker clearly overestimtes sone
actual contributions.

Materials. Total materials consuned consists of four conponents: parts
and materials, electricity, contract work, and fuels. Al materials data are
adjusted for inventory, reflecting the actual value of naterials used in the
production process. To nmake the materials nmeasure conparable over time, it is
defl ated as described bel ow.

Capital. Capital services are ideally neasured as machi ne hours per
year, with adjustments for the vintage of machinery and the intensity of its
use. For nost practical applications, the common practice is to use the
perpetual inventory method to deflate the value of the gross capital stock
and then to adjust this by a utilization rate (Usher 1980). |In this study,
the capital input is the gross capital stock, which is the sum of structures
and machinery at the end of the year (if this figure is zero we substitute
begi nni ng of year capital stock).

This nmeasure of capital input is clearly inperfect; several problens are
worth noting. First, buildings and machinery are inmputed for firms that are
not a part of the ASM sanple, using industry averages; second, the comnbination
of machinery and buildings into one neasure inplies that they are honogenous
factors; clearly, argunents could be made against this. Third, no adjustnent
is made for vintage or intensity of use; fourth, capital is recorded at its
book val ue.

Unfortunately, these problens are unavoi dabl e, given the constraints on

the data and the desired sanple. Perpetual inventory nethods of capita
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measurenent are available only for firns in the ASM sanple that are observed
continually from 1972 to 1982. This would severely linmt the data on snall
establishnents. However, concerns about the capital neasurement problem are
mtigated by studies suggesting that gross capital stock may be a reasonable
approxi mation of real capital input (Doms 1991).

Deflators. Real output and materials are derived from nom nal neasures
by applying a set of deflators devel oped by the Bureau of Econom c Anal ysis
(BEA). The output deflator is based on product price indices fromthe Bureau
of Labor Statistics, supplenented by a few specialized deflators for mlitary
goods fromthe governnment division of the BEA. A price index for each seven-
digit product code is weighted by the share of that product in the industry's
producti on. The materials deflator was created by averagi ng together price
deflators for 529 inputs, using as weights the relative size of each
i ndustry's purchases of that input in the Census Bureau's input-output tables.

Cost Shares. Total |abor cost includes salary and wages and
suppl enental |abor costs. The cost of capital is deternmined by nultiplying
structures and equi pnrent by their separate rental measures for the given year
as devel oped by the Bureau of Labor Statistics. The total cost of production
is the sumof |abor, capital and materials cost. The share for each input is
the ratio of input cost to total production cost.

Estimati on Procedures

The production function was estimated jointly with the |abor and
materi al s share equations as a simultaneous system using the seemingly
unrel ated regressions nethod (Zellner 1962). Three hypothesis tests were
performed to test the existence of location effects: a test that all |ocation
paranmeters were jointly equal to zero, a test that nmetropolitan | ocation
paranmeters were equal to zero, and a test that small urban |ocation paraneters
were equal to zero. |If these hypotheses were accepted, the nodel was tested
for Cobb- Dougl as technol ogy.

Qur tests are based on the Gallant-Jorgenson anal og of the likelihood
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ratio test (Gllant and Jorgenson 1979). The test statistic is

T°. N- S(@,V,- N- S@,V,,

where S, and S, are the m ni num val ues of the objective functions of the
restricted and unrestricted nodels, respectively, and N is the nunber of
observations. T° is distributed chi-squared with degrees of freedom equal to
t he nunber of restrictions. The estimated disturbance covariance matrix from
the unrestricted nodel was forced on the restricted nodels, as required for

t he hypot hesis tests.

4. Enpirical Results
Estimation results revealed that the location of an establishnent was
associ ated with production technol ogy and productivity di fferences. These
results are confirned in the hypothesis tests, the paraneter estimtes, and
the analysis of multifactor productivity. Some consequences of these
technol ogy differences are illustrated by variations in elasticities across
i ndustries and | ocations.

Hypot hesis Tests

Three hypothesis tests were perfornmed on groups of paraneters for each
i ndustry: no effects for netropolitan location, no effects for small urban
| ocation, and no location effects. In each case, the T° statistic was

sufficiently large to reject the null hypothesis.

Par anet er Esti mates

Paranmeter estimates for the three-factor translog production function
are shown in table 2. For both industries, all first- and second-order terms
are significantly different fromzero. The returns-to-scale paraneter, 8,
shows significant deviation fromconstant returns only for the furniture
i ndustry; decreasing returns are indicated.

Location Effects. First-order |ocation paraneters (", ", are not
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significantly different fromzero except for ", in the meat products nodel
Location in a small urban area is associated with [ ower real output in neat
products manufacturing, independent of other inputs. For furniture, |ocation
affects the production function only through the second-order effects; that
is, through its association with input productivity. Metropolitan |ocation
and location in small urban areas both are associated with higher productivity
for labor and capital, relative to rural |ocation, and | ower productivity for
materials. The secondary location effects in the neat industry are
significantly positive with respect to labor in netropolitan areas and capita
in small urban areas.

VWile interpretation of the coefficients associated with location is
di fficult when considered separately, an intuitive nmeasure of the tota
| ocation effect is the first derivative of the production function with
respect to the qualitative variable:

TEFF,; - a, + a,(nD + a, (M) + anK) ,
k1,2

where the subscript refers to either netropolitan or small urban | ocation and
the logs of the inputs are taken at the nmeans for the sanmple. The overal
effect of metropolitan and small urban |ocation on production in both
industries is shown in table 2. For neat products, establishnents in
metropolitan counties produce 5.2 percent nore output, all else equal. The
productivity of establishments in small urban counties is not significantly
different fromthe productivity of their rural counterparts. For household
furniture, metropolitan establishments are 6.6 percent nore productive than
rural establishments, but establishnents in small urban |ocations have a
greater productivity differential of 8.94 percent.
Fit

The data fit the translog production function nodel very well. The

adj usted R* for each production function equation alone was 0.99 in the neat
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products nodel and 0.98 in the household furniture nmodel. Because the
production functions were estimated as part of a three-equation system the
fit of the systemitself also was neasured. The generalized R? for the three
equati on system which neasures the proportion of the generalized variance

expl ai ned by the right-hand variables in the system of equations is defined as

R 5

where y is the deviation of the dependent variable fromits mean and E E is
the residual cross-products matrix (Berndt 1990). This statistic is reported
intable 2. Normality tests of the residuals fromeach nodel led to failure
to reject the null hypothesis of normality in each case.

Consi st ency Checks

Because the translog form does not satisfy global convexity properties,
the estimated function must be tested for theoretical consistency. Qutputs
shoul d i ncrease nmonotonically with all inputs, and the isoquants should be
convex. Mbnotonicity inplies that the estimted nmargi nal products of inputs
are non-negative; convexity of isoquants requires that the principle mnors of
t he bordered Hessian alternate in sign. Both npnotonicity and convexity were
found to hold at the neans in both nodels. Wen checked at each data point,
nonotonicity was violated for 2.3 percent of the observations in household
furniture, and for 6.2 percent of the observations in neat products.
Convexity was violated for 11.3 percent of the data points for household
furniture, and 34.5 percent of the data points for neat products.

Several options are available for correcting the nodel to inprove
t heoretical consistency. One could apply the Lau (1978) technique for
i mposi ng convexity, but this usually destroys the flexibility of the translog
function. A better alternative is to abandon the translog and reestimte the
nodel using the generalized MFadden functional form devel oped by Diewert and

Wal es (1987). This function not only is flexible but also possesses a uni que
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property: inposing the requisite theoretical restrictions will not destroy its
flexibility. W defer these tasks to a future paper
El asticities

The structure of the estimted production function allows |ocation to
af fect the production process both directly, through its effect on the
intercept, and indirectly, through its effect on the elasticities. Table 3
shows output elasticities, price elasticities, and elasticities of
substitution for rural, small urban, and netropolitan plants. The |ocation
paranmeters enter into the elasticity calculations through the fornula for
out put el asticity:
where p;, is the output elasticity of input i. For rural establishments, only
the first two terms in

3
H; = olng -+ Yo X - a,+ METRO - a4+ SURB,
alnX; [T

t he equation apply; for metropolitan establishnents, ", is added, and for
small urban firms, ", is added. The logs of the inputs are taken at the
means for the entire industry.

Qut put Elasticities. The output elasticity of both | abor and capital is
higher in the furniture industry than in the neat products industry,
reflecting the relatively |low | evel of value added in the neat products
i ndustry. Wthin the meat products industry, the output elasticity of |abor
is highest in nmetropolitan areas, and the output elasticities of materials and
capital are highest in small urban areas. |In household furniture, output
elasticity of labor and capital are both highest in small urban areas, but
plants in rural areas exhibit the highest output elasticity of materials.

Price Elasticities. As required, all own-price elasticities are
negative. Price elasticity of labor is higher in the meat products industry
than in the household furniture industry. In both industries, the own price

elasticity of labor is npst negative for rural establishments, although the
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differences in the household furniture industry are relatively small. This
i ndi cates that changes in wages within the furniture industry have | ess inpact
on rural industrial enploynent than changes in wages within the meat products
i ndustry.

El asticities of Substitution. Mrshim elasticities of substitution
measures the percentage change in the ratio of factor demands for a percentage
change in the price of one factor. Mrshina elasticities are easily

calculated fromthe price elasticities:
of - eij- ej,

where ,;; is the price elasticity of demand for input i with respect to the
price of input j. |In table 3, the inputs are listed in the order i,j; the
second input listed is the input whose price is allowed to change.

The Morshima elasticity estimates for both industries classify al
i nputs as substitutes. Ball and Chanmbers (1982) found simlar elasticity
results in their study for the neat products industry.

The lack of symretry of the Morshinma elasticities reveals the relative
i mportance of the prices of different inputs in determ ning factor ratios.
For exanple, a 10 percent change in the price of materials in the neat
products industry in netropolitan areas will |ead to about a 40 percent
increase in the ratio of labor to materials. However, when the price of |abor
rises by 10 percent, the adjustnent of the ratio of materials to labor is only
about 33 percent. Hence, changes in the price of materials have a stronger
i mpact on the input ratio. The sane is true with respect to the ratio of
capital to materials. Changes in the price of materials lead to stronger
variations in the input ratio than do changes in the price of capital
Furthernore, the domi nance of the effect of materials prices persists across
| ocati ons.

In the household furniture industry, the price of materials is much |ess

important to the structure of the technology. The elasticities of
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substitution between materials and other inputs are alnmost symmetric, and the
dom nance of materials reverses in rural areas in the case of the
| abor/ materials ratio.

Relative Miultifactor Productivity

Mul tifactor productivity is usually defined as the ratio of output to an
i ndex of inputs. However, a relative neasure of productivity for each
establishnment is the value of that establishnment's residual fromthe estimted
out put equation. This indicator has been used by Lichtenberg and Siegel in
their analysis of changes in productivity due to ownership changes (1987).

In order to focus on the relationship between | ocation and rel ative
mul tifactor productivity, the transl og nodel was estinmated w thout |ocation
vari abl es for each industry. The residuals fromthe output equation were
averaged across firnms by urban class; the averages are displayed in table 3,
with T ratios in parentheses.

In the nmeat products nodel, the average of the residuals across
metropolitan establishments was significantly positive, indicating a | evel of
productivity 2.4 percent higher the average plant. The average across rura
establ i shnments was significantly negative, indicating that rural plants were
about 3 percent |ess productive than the average. For the furniture industry,
rural establishments were about 5 percent |ess productive that the average;
ot her | ocation groups showed no significant deviations fromthe average

productivity.

Observati ons

The results of estimating the three-factor translog production function
systens for nmeat products and household furniture show that genera
di fferences can be found in technol ogy and productivity anong plants in the
same industry but in different location classes. Firns located in
metropolitan areas were nore productive than their rural counterparts in both

i ndustries; firns |located in small urban areas were nobst productive in the
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househol d furniture industry. These results were confirnmed by both the tota

| ocation effect and the relative multifactor productivity neasures.
Variations in the technology of plants in different industries and

| ocations led to variations in the output and price elasticities and in the

el asticities of substitution. The demand for |abor is nost elastic in the

meat products industry; in both industries, rural |abor demand is nost

elastic. Al inputs are substitutes for each other, but their

substitutability varies across location. Materials costs are an inportant

i nfluence on technology in neat products. As the price of materials rises,

| abor and capital are applied nore intensively in order to derive nore out put

froma given level of raw materials. The price of materials has a weaker

i nfl uence on the input vector in household furniture.

5. Location, Size, and Other Effects

Estimation results regarding the relative productivity of nmetropolitan
smal | urban, and rural areas nust be interpreted with caution. Although they
seem to suggest that a meat products manufacturer woul d be nost productive in
a netropolitan area, whereas a furniture manufacturer would be nobst productive
in a small urban |ocation, there are a nunber of factors that remain
unaccounted. |In fact, the lack of consistency of the findings across
i ndustries suggests that industry- and plant- pecific variables may be
i mportant in determning the effect of location on the productivity of
manuf act uri ng.
Size Effects

Sone clues regarding industry differences appear in table 1. The nost
obvious difference is the size of the average plant; nmeat products
manuf acturers are typically much larger than furniture manufacturers. On the
average, the small urban areas have the |argest establishnents, and the rura
areas have the smallest. Establishment size may play a role in determning

t he nost productive | ocation
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To investigate the effects of size, each industry was separated into
three size classes. The divisions were chosen so that roughly 50 percent of
the plants fell into the smallest size class, and 25 percent fell into each of
the larger size classes. Two procedures were followed to investigate the
effects of size: one using the original three-factor translog production
function, and the other estimating nodels separately for each size class.

First, average nultifactor productivity was cal cul ated for each size
class in each industry, independent of the location variable. The results are
reported in table 4. |In the nmeat products industry, the m ddl e-size class was
6 percent nore productive than average, while the smallest plants were 3
percent | ess productive. The smallest plants are nore heavily distributed in
rural areas than plants in the other two size classes. |n household
furniture, the largest quartile of firns was about 5 percent nore productive
than the average. These plants are nore heavily represented in small urban
areas than the other two size cl asses.

The observations above suggest that plants of different size classes may
experience location inmpacts to differing degrees. In order to investigate
this possibility, the full translog production function systemwas esti mated
separately for each size class. Hypothesis tests for location effects were
performed; the total location effect was cal cul ated; and the multifactor
productivity neasures were obtained relative to each size class in each
i ndustry. The results are sunmarized in table 5.

The results obtained fromthe original nodel regarding productivity and
| ocation remained valid only for one size class in each industry. |n neat
products, location continued to be associated with productivity only for the
smal lest firnms. This is confirmed by the significance of the total |ocation
effect for nmetropolitan plants, and by the relative nultifactor productivity
measures. |In household furniture, location effects di sappeared for the
smal l est two size classes; however, the results reported for the origina

estimation regarding | ocation and productivity were still valid for the
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| ar gest size cl ass.

Timng of Entry and Survival

Anot her factor possibly affecting the observed productivity differences
bet ween rural and urban establishments is the tinming of the entry of the
establishment into the industry. The capital stock of new entrants is likely
to enbody newly avail abl e production technol ogy, which should contribute to
the productivity of these plants relative to existing establishnments.

However, the existence of internal adjustment costs, which has been verified
by Lichtenberg (1988), nay danpen the capital enbodi nent effect over a period
of one or nore years fromthe tinme of initial investnent in plant and

equi prent (McHugh and Lane, 1990).

Table 6 shows the distribution of entrants and survivors by year and
| ocation. An establishment is identified as an entrant if it is not observed
in the industry in a previous census year (1972 or 1977). |In 1977 and 1982,
in both the nmeat products and household furniture industries, new entrants
represented a greater percentage of the total number of plants in rura
counties than in either netropolitan or small urban counties.

The rate of survival of entering plants varies across |ocation and size.
In both industries, the survival of 1977 entrants to 1982 is highest in
metropolitan areas. |In neat products, survival is lowest in small urban
areas, and in household furniture, it is lowest in rural areas. Wen surviva
rates were averaged over establishnents in the size classes defined in the
previ ous section, the average survival rate for large 1977 entrants in the
nmeat products industry was 65.9 percent, whereas small plants had a surviva
rate of only 25.7 percent. Large neat products plants were nost likely to
survive when they located in rural areas. In household furniture, the
difference in the survival rates of small and |arge plants was | ess
pronounced; small plants had a survival rate of 25.5 percent, while |arge
plants had a survival rate of 48.6 percent. Large plants were equally likely

to survive in netropolitan and small urban areas.
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Tabl e 7 shows average relative multifactor productivity for existing
pl ants, 1977 entrants, and 1982 entrants. |n both industries, |ower |evels of
relative productivity were observed for firnms entering in 1977 than for
existing firms. However, by 1982, the performance of surviving 1977 entrants
did not significantly differ fromthe performance of plants already active in
1972. This change in the relative productivity of entering plants suggests
that new plants do experience an initial period of |ow productivity, and that
the timng of entrance, relative to the sanple period, may affect overal
productivity for the group

Pl ants entering in 1982 have significantly |ower productivity in 1982
than other plants. However, because our data do not extend beyond 1982, we
cannot observe whet her these plants recover fromtheir initial |ow
productivity period, as was observed for the 1977 entrants. Since 1982
entrants are a relatively large percentage of the plants observed in rura
areas, the timng of the entry of these plants at the end of the sanple period
may skew our rural productivity nmeasures downward. The relatively |ow
productivity in rural areas that we have attributed to |ocation may actually
be the effect of a | arge percentage of new entrants in rural areas.

These observations suggest possibilities for analysis of changes in the
i mpact of |ocation on productivity over tine. By estimating production
functions separately for groups of plants entering in different census years,
the inpact of location on a new plant's productivity and survival could be
exam ned over time, controlling for the age of the plant. Possible
connecti ons between new plant survival and rural devel opment and
entrepreneurship initiatives could be expl ored.

O her Effects

Size and tinming of entry have been exam ned as exanples of industry- or
firmspecific variables that may affect productivity in different |ocations.
However, there are a nunber of factors that vary across industries and that

may contribute to the inpact of l|ocation on the productivity of firnmns. For
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exanpl e, Nguyen and Reznek (1991) found that small, single-unit wood furniture
manuf acturing plants were nore productive than their counterparts that were
part of a multi-unit firm Oher establishnment-specific variables that m ght

i nfluence productivity by location include unionization of the |abor force,
the skill structure of the plant's | abor force, the age of the plant and

equi pnent, and research and devel opnent.

Location specific variables should be considered as well. Not al
metropolitan | ocati ons have the sane characteristics with respect to avail able
| abor markets, distance of output markets, proxinmity of suppliers,
transportation services, or other infrastructure such as water, sewerage, and
power. Rural areas also vary dramatically with respect to these |ocation-
specific variables. Exploration of these influences may provide guidelines to

the resources necessary for manufacturers to remain productive in rural areas.

6. Concl usions

Transl og production function systens were estinated to investigate
sel ected aspects of the effect of rural, small urban, and nmetropolitan
| ocations on productivity in the neat products and household furniture
sectors. Statistically significant |location effects were found for both
i ndustries. The estimated nodels fit the data very well and standard
di agnostics for convexity and nmonotonicity showed only mnor theoretica
probl ens.

In the meat products industry, nmetropolitan |ocation was associated with
hi gher productivity. However, this result held only for relatively small neat
products manufacturers; plants in larger size classes showed no significant
| ocation effect for productivity. Household furniture plants in small urban
| ocations had the highest productivity, and plants in metropolitan |ocations
were nore productive than their rural counterparts. However, these |ocation

effects were significant only for the |argest class of household furniture
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manuf act urers.

While this analysis is specific to two industries, it suggests that
devel opnent policies targeting manufacturing can be nade nore effective by
focusing on industries and plants with characteristics that predispose themto
the |l ocations being supported. For exanple, the larger nmeat products
manuf acturers showed no significant productivity differences between
| ocations. Incentives required to attract these plants to rural |ocations
should be small or minimal. However, relocating a | arge household furniture
manufacturer froma snmall urban location to a rural |ocation mght require
| arger subsidies, either directly or through publicly funded inprovenents in
i ndustry-specific resources such as work force training and infrastructure
devel opnent .

O her industry- and firmspecific characteristics that may affect
productivity in rural and urban areas include requirements for work force
education, dependence on natural resources, |inkages to other industries, and
reliance on a particular consumer market. Better understanding of the
tradeof fs between productivity and location for plants and industries with
di fferent characteristics nmay assi st devel opnent policynmakers in focusing on
i ndustries and types of plants nost likely to be productive and conpetitive,
contributing to the |long-run econonic base. This brief assessnent of entry
and productivity suggests, however, that the full benefits of |ocation may
require tine to be fully reflected in productivity. Alternatively, these
results suggest that dynanic analysis can yield informati on on phasi ng of

| ocation incentives.
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Table 1

Characteristics of the Meat Products and Household Furniture Industries:

Si ze and Productivity

Val ue of Qutput? Enpl oynent Productivity Indicators
| ndustry/ Sanpl e % Above % Above % Val ue Qut put/ Capital/
Locati on Size Aver age avg. Aver age Avg."® Added® Lab. H? Lab. Hr®
Meat Products 2,187 31, 158 18.7 126. 3 21.2 16.0 82.3 8.7

Metropolitan 1, 056 29, 672 19.8 131. 4 20.3 16.7 85.7 9.2

(0-3)

Smal | Urban 245 49, 100 15.9 182.8 23.7 16.0 74.0 7.6

(4-5)

Rural (6-9) 886 27, 969 18.4 104. 6 23.1 15.1 80.7 8.3
Househol d 1, 202 3, 146 22.5 53.2 25.1 33.1 28.5 5.6
Furniture

Met ropol i tan 841 3,097 23.4 51.7 24. 4 33.1 29.6 5.8

(0-3)

Smal | Urban 94 4,797 23.4 80.1 22.3 33.6 31.3 5.8

(4-5)

Rural (6-9) 267 2,722 21. 4 48.7 25.1 33.2 23.9 5.2

Pooow

Total val ue of shipnents,
Per cent age of observations |ying above the nean.
Val ue added as a percentage of tota
Real val ue of output (deflated) per
Val ue of the capita

adj usted for changes in inventory,

out put .
producti on wor ker
stock per production worker hour.

24

hour .

t housands.



Par anet er

Table 2
Esti mates of the Translog Production Function

for the Meat Products and Household Furniture Industries

Meat Products

Househol d Furniture

Estimte T Ratio Estimte T Ratio
First-Order Effects
1.41 (63. 16) 1.95 (58. 34)
" 0.42" (77.65) 0.58" (76. 16)
Y 0.48" (67.51) 0.36" (57.02)
My 0.11" (10. 33) 0. 05" (100. 66)
Second- Order Effects
Y 0.08" (45.52) 0.16" (44.59)
W 0.12" (47.69) 0.17" (53.69)
" 0.02" (268. 45) -0.03 (-5.41)
" -0. 09" (-55.57) -0.15° (-52.96)
" 0.01" (3.96) -0.017 (-4.22)
" -0.03 (12.41) -0.02" (-3.82)
Scal e (8) 1.00 (-0.84) 0.98" (-3.25)
Location Effects
"u -0.02 (-0.77) -0.05 (-1.30)
" -0.18 (-4.28) -0.09 (-1.07)
" 0.01" (4.33) 0.02" (3.46)
"M -0.01 (-1.19) -0.02" (-3.91)
" Uik 0.03 (1.84) 0.03" (3.68)
"L 0.01 (0.63) 0.02" (2.21)
" oM 0.01 (1.30) -0.03 (-3.25)
" K 0.03" (2.83) 0. 05" (3.33)
Total Location Effect
Met ropol i tan 5.20° (5.23) 6. 60 (2.58)
Smal | Urban 2. 47 (1.47) 8. 94 (2.06)
R (System 994 997
Note: For 8, the T ratio refers to the hypothesis that it is not equal to 1.
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* I ndicates that the paranmeter is significantly different fromO at
signi ficance | evel .O05.
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Table 3
El asticities and Multifactor

Productivity

for the Meat Products and Household Furniture |Industry

Meat Products Househol d Furniture
Smal | Smal |
Metro Ur ban Rur al Metro Ur ban Rur a
CQut put
El asticities
Labor 0.15 0.14 0.13 0.34 0.34 0.32
(5.41) (3.27) (55. 68) (15. 04) (15.76) (4.67)
Material s 0.82 0.84 0.83 0. 59 0.58 0.61
(27.56) (19. 06) (64.41) (15. 15) (25.50) (106. 96)
Capi t al 0. 05 0. 06 0.04 0. 08 0.10 0. 05
(1.41) (1.91) (1.17) (3.31) (3.64) (2.06)
Price
El asticities
Labor -2.70 -3.31 -4.17 -2.40 -2.42 -2.67
- (-49.76) - (-93.57) (-49.44) -
112. 03) 87.06) 158. 44)
Material s -0.79 -0.78 -1.13 -1.50 -1.57 -1.44
- (-85.06) - - (-57.35) -
148. 31) 61. 31) 102. 44) 127. 29)
Capi t al -0.94 -0. 56 -2.06 -0.97 -0.68 -3.05
(-3.62) (-4.87) (-8.59) (-4.68) (-1.30) (-47.35)
El asticities of Substitution
( Mor shi ma)
Labor, 4.05 4.33 6. 06 3.80 3.92 3.81
Material s (150. 51) (80.17) (77.62) (110.46) (120.35) (141. 34)
Material s, 3.25 3.91 5.01 3.73 3.78 4.03
Labor (119. 56) (52.63) (88. 88) (101.24) (201.38) (158. 46)
Labor, 0.78 0. 45 1.55 1.03 0.74 3.16
Capi t al (18. 69) (30.97) (2.08) (128.26) (151.49) (74.53)
Capital, 1.49 2.46 0. 48 2.86 2.85 3.48
Labor (3.09) (4.04) (6.93) (4.94) (288.17) (47.53)
Capital, 4.41 3.39 8.61 2.70 2.61 3.72
Material s (14.62) (25. 40) (19.81) (23. 44) (7.81) (56.72)
1.03 0.62 2.23 1. 06 0.76 3.23
Material s, (3.83) (5. 25) (8.99) (4.90) (29.07) (47. 85)
Capita
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Mul tifacto 0.02  -0.00 -0.03 0.01 .05 -.05
Pr oduct (3.42)  (-0.18) (-2.48) (1.43) (1.84) (-2.95)

Notes: Sonme figures appear as zeros as a result of rounding
T ratios are in parentheses.
T ratios for price elasticities and elasticities of subsitutution are
calculated from standard errors generated by 100 iterations of Efron's
boot strap procedure (Efron 1979).
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Table 4
Mul tifactor Productivity by Size and
Di stribution of Establishnents by Size and Location

Meat Products Househol d Furniture
Si ze (No. of Enpl oyees) 0 - 20 21 - 100 > 100 0 - 15 16 - 50 > 50
Rel ati ve MFP -0. 03 0. 06’ 0.00 0.00 -0.01 0. 05
(-3.97) (3.86) (0. 49) (0. 36) (-1.45) (3.37)
Observati ons 1103 532 552 616 275 310
Per cent
Met ropol i tan 43.1 58.8 48.5 72.0 68.8 66. 8
Smal | Urban 11.8 8.1 13.0 4.9 9.4 12.3
Rur al 45.1 33.1 38.4 23.1 21.7 21.0
Notes: T ratios are in parentheses.

* indicates statistica

significance at
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Separate Transl og Production Functions for

Table 5
Esti mati on Results

Each Size C ass

Meat Products Househol d Furniture
Si ze (No. of Enpl oyees) 0 - 20 21 - 100 > 100 0 - 15 16 - 50 > 50
(N = 1103) (N = 532) (N = 552) (N = 616) (N = 276) (N = 310)
Hypot hesi s Tests
No Metro Effects T° = 64 T° = 44 T° = 58 T° = 36 To = 12 To = 21
Rej ect Rej ect Rej ect Rej ect Rej ect Rej ect
No Smal | Urban Effects T° = 18 T =4 T° = 39 T =11 T =4 T = 14
Rej ect Accept Rej ect Rej ect Accept Rej ect
Returns to Scale (8) 1.01°¢ 0. 85° 0.92° . 96° . 97¢ 0. 95°
(0.82) (-55.89) (-9.76) (-2.85) (1.16) (2.27)
Total Effect
Metropolitan 0. 06" -0.03 0.02 0.07 .03 0.08"
(4.62) (-1.24) (0. 45) (1.43) (0.71) (2.51)
Smal | Ur ban 0. 00 -0.06 0.0 0.09 0.03 0. 10"
(0.14) (-1.14) (1.01) (.793) (0. 40) (2.04)
Mul tifactor Productivity
Met ropol i tan 0. 03’ -0.01 0. 00 0.01 0.01 0.01
(3.57) (-0.64) (0.03) (1.19) (0. 25) (0.73)
Smal | Urban -0.03 -0.03 0. 06* 0. 05 0.02 0.04
(-1.77) (-0.57) (2.15) (1.12) (0.28) (0.92)
Rur al -0.02" 0.02 -0.02 -0.05" -0.02 -0.07"
(-2.25) (0.59) (-1.46) (2.30) (-0.55) (-2.05)
Notes: 1, C, Dindicate 8 is significantly greater than, equal to, or less than 1 - increasing, constant,

or decreasing ret
Tratios are inp

Tratio for 8 refers to a two sided hypothesis test that 8 is equa
Sone nunbers appear as zeros as a result of
significance at "™ = .05.

* indicates stati

urns to scal e.
ar ent heses.

sti cal

roundi ng.
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Table 6
Characteristics of the Meat Products and Household Furniture Industries:
Entrants and Locati on

1977 1982 Survi ving 1977
Entrants?®

Tot al Entrants Pct . Tot al Pct Pct .

Pl ant s Entrants Plants Entrants Entrants No. Entrants

Meat Products 808 341 42.2 597 224 16.6 117 34.3

Met ropol i tan 376 145 38.6 283 102 15.9 54 37.2

Smal | Urban 89 31 34.8 63 22 14.9 9 29.0

Rur al 343 165 48. 1 251 100 18.0 54 32.7

Household 434 239 51.5 317 135 17.0 73 30.5

Furniture

Met ropol i tan 312 154 49. 4 219 90 16. 3 53 34.4

Smal | Urban 41 21 51.2 26 6 10.7 6 28.6

Rur al 111 64 57.7 72 39 20.7 14 21.9
Notes: a. 1977 entrants still operating in 1982.
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Rel ative Multifactor
Exi sting Plants versus New Entrants

Table 7

Productivity

Aver age MFP? 1972 MFP 1977 MFP 1982 MFP
Meat Products
Existing Plants 0.01 -0.00 0. 03’ 0.02
(1.79) (-0.21) (2.69) (1.63)
1977 Entrants 0.01 -- 0.02 -0.04
(0.50) (1.62) (-1.69)
1982 Entrants -0.09 -- -- -0.09
(-6.13) (-6.13)
Househol d Furniture
Existing Plants 0. 00 -0. 04 0. 05 0.03
(0. 31) (-2.71) (4.05) (1.29)
1977 Entrants 0. 04" -- 0.03" 0.04
(2.59) (2.15) (1. 44)
1982 Entrants -0. 07" -- -- -0.07"
(-2.53) (-2.53)
Notes: a. Averaged over each year of operation.
T ratios are in parentheses.
* Indicates the average is statistically different from at

significance |evel .O05.
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